On 20 January 2014, while flagging off the celebrations of the year of crystallography in Paris, the Secretary-General of the United Nations stated, "it is at the very core of revealing the structure of DNA, fabricating computer memories and designing potent new drugs, but only a tiny fraction of the world's people are aware of the science of crystallography, a knowledge gap the United Nations hopes to help erase this year."
Introduction
On 20 January 2014, while flagging off the celebrations of the year of crystallography in Paris, the Secretary-General of the United Nations stated, "it is at the very core of revealing the structure of DNA, fabricating computer memories and designing potent new drugs, but only a tiny fraction of the world's people are aware of the science of crystallography, a knowledge gap the United Nations hopes to help erase this year."
The past
The thoughts that come to the mind immediately when the word 'crystal' is mentioned are essentially centered around jewels, purity, faith healing and often future prediction. Indeed, India has a traditional attachment to these aspects from medieval times. The recognition of symmetry in materials has been a part and parcel of our culture and the rich heritage that exists in terms of temple architecture and carvings (figure 1) spread over several centuries.
The concepts of three dimensional objects and the recognition of optical effects to augment features in such objects were documented through centuries. The art of 'Rangavalli or Rangoli' practiced in every household uses the principle of lattice points to generate motifs based on symmetry elements (figure 2).
India's scientific endeavour, as many other developments in the last century, matured with the freedom struggle as a backdrop. It may be claimed that the modern scientific era began in early 20 th century. The starting of two centres of higher education, namely, Indian Institute of Science (IISc) at Bangalore and Indian Association for the Cultivation of Science (IACS) at Calcutta, coincided with these efforts. Work in crystallographic research towards the structure determination efforts began with the work of K. Banerjee at IACS with the structures of naphthalene and anthracene being solved (Nature, 125, 456, 1930) . Even though considerable interest in crystallographic research existed several years before, the discovery that X-ray diffraction can lead to structure determination catalyzed interest in many scientists including C.V. Raman, K. S. Krishnan, M. N. Saha and S. Bhagavantam to name a few. Crystallography was regarded as the science of condensed matter with emphasis on the atomic and molecular structure and its relation to physical and chemical properties. The analysis was thus primarily considered a job for the physicists initially, and this concept percolated deep in Indian science. Indeed, crystallography was considered a component of physical sciences for several decades until the importance of structure-property relationships was established, which brought in the idea of including chemists and biologists. Interestingly, crystallographers (physicists) were employed in chemistry and biology departments only in the late 1960s. The technological developments percolated to India obviously due to the interactions with the scientists in Great Britain. Preliminary equipments were imported (figure 3), and the interest in structural science began at several centres around the country. Metallurgists and geologists eventually joined this area of research with Banaras Hindu University (BHU) spearheading such activities. It is of interest to note that an X-ray film manufacturing unit was started (INDU films) at Ootacamand (Ooty) and X-ray generators were manufactured at Calcutta (Kolkata) by Radon House Pvt. Ltd., inspired by Siddharth Ray and Gowri Ray in the late 1960s.
C. V. Raman, after moving to Bangalore, provided a major boost with G. N. Ramachandran and S. Ramaseshan carrying out path breaking work in structural science with X-ray diffraction and crystallography as the main experimental modules. They developed strong groups with students like M. A. Viswamitra, K. Venkatesan, R. Chidambaram and H. Manohar. A parallel group developed under the leadership of A. R. Varma at BHU, Varanasi.
G. N. Ramachandran made seminal contributions to the development of X-ray diffraction techniques, and his discoveries were at that time in tandem with several significant strides made around the world including the work of Watson and Crick discovering the double helix in DNA. Indeed, Ramachandran's triple helix in collagen presented much more challenging work in terms of interpreting the fibre diffraction pattern (figure 4). Other major contributions from him include the phi-psi plot depicting the conformational angles in a peptide unit, which constitutes the building block in large proteins and his suggested methods of Fourier synthesis, which provides a basis for structure evaluation. This is around the time crystallographic research made significant strides and established itself as an unequivocal tool for establishing structures of solids. Work done by Linus Pauling, Dorothy Hodgkins, Watson and Crick, Kathleen Lonsdale and several other leading crystallographers were coming to focus on the importance of X-ray crystallography to the understanding of molecules, chemical bonding, etc., and the basic factors influencing structure-property correlations were getting realized. Ramaseshan and Venkatesan at this juncture came up with the idea of using anomalous scattering (absorption edge) to solve the structure of KMnO 4 . Ajit Ram Varma at BHU (figure 5) made parallel contributions to the development the crystallography in India in terms of understanding the fundamental aspects of polymorphism, an area which is now a key factor in pharmaceutical research.
At this juncture, crystallographic research started to blossom in the country. R. Srinivasan and S. Parthasarathy at the University of Madras supported by G. N. Ramachandran worked on structure Polymorphism is the ability of a solid material to exist in more than one form or crystal structure. crystallographic research. P. Krishna, K. Lal, O. N. Srivastava, G. Singh and G. C. Trigunayat at BHU continued the tradition of A. R. Varma working on newer aspects of polytypism and polymorphism and obtained useful inputs in physical crystallography. Another group at BHU consisting of T. R. Anantharaman, P. Ramachandra Rao, S. Ranganathan and G. V. S. Sastry worked on areas related to alloys and got some fundamental insights into the five-fold symmetry concepts. Towards the beginning of the 1970s, these groups produced work of international standards. It should be noted that most of them visited different laboratories abroad (mostly in UK) and obtained the required training to carry out such work.
At this time, the western world saw a revolution in technology and fast computers started to emerge. India entered the dark age in crystallographic research . The funding ran abysmally low, and the researchers were left in panic to think of catching up with the developments. The photographic film methods were becoming obsolete and the number of atoms in structures getting solved became unreachable. Diffractometers started mushrooming in UK, Europe and the US, high energy beams became accessible to explore larger structures in quicker time and India started losing in the competition. Several brave hearts (figure 6) took the challenge and started taking bold steps to remain in the race. Collaborations within the country and abroad were set up, all due to the initiatives taken by these stalwarts and each of them started with a bigger set of young researchers. The task was not simple as it was a terrific struggle to cope up with the advances made in data collection technology, high speed computer programs and developments in computer graphics. The choice of problems was getting seriously limited to the existing facilities. I entered the fray as a research student along with four others at this time (figure 7). Figure 8 gives an idea of the scenario of crystallographic research during the period of 1970 to 1990. Photographic methods for getting data sets involved considerable time and effort and the computers had memories one millionth of the ones we carry now on our mobile phones. Two outstanding scientists, C. N. R. Rao and M. Vijayan (figure 9), realized the difficulties very quickly and put their enormous efforts to get crystallographic research out of the rot. The Government of India was made aware of the status and funds were sought to establish centres to circumvent the deficiencies. The present day research in crystallography hinges delicately on the efforts made by these two individuals, and hereon I shall restrict the description of the current research activities centred around the developments in IISc, in particular, and the spread of the areas to other branches of science where the technique of X-ray diffraction appears strictly as a tool. India, like the other laboratories in the western world has now adopted crystallography as one of the characterization tools (it has become a tool for any researcher and there is no need for expertise).
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The Dark Age
The brave hearts who continued to perform and excel despite lack of state of the art facilities. 
The Present
Thanks to the efforts of the two individuals (C. N. R. Rao and Vijayan) and the generous support from DST and other funding agencies, crystallographic research is at par with the rest of the world, both in small molecules and macro-molecular regime. As far as small molecule crystallography is concerned the focus has shifted completely towards understanding of chemical and biological molecules in terms of structure-function relations on one hand and generation of futuristic materials on the other. The foundations for the current day structural work were laid during this period by efforts of these young researchers at that time.
not wasted and some of the students of Vijayan (for example, T. P. Singh, Dinakar Salunke) have pitched in effectively.
The work done in the group of Dhanajai Pandey (BHU) in the area of ferric materials has been acknowledged in many international arenas. This group has kept the BHU's interest in the development of crystallographic research intact. There are several excellent groups, some of which are now in the forefront of crystallographic research in the country, figure 11. As can be seen from this small sample, which is by no means complete, crystallography in India is looking vibrant. Research in the pharmaceutical and other industry sectors is on the rise as can be seen from figure 11 as well. All these look 1246 The Architects -Out of the Dark Age very promising, however, the need to increase the number of researchers in crystallography and related areas along with the procurement of competitive experimental facilities (primarily Synchrotron) is becoming acute. Unless acted upon quickly, I perceive the advent of another serious dark age!
The Future
We are now involved in molecular property/solid state property correlations, crystal structure design and engineering, and theoretical studies, where, from the start, data and knowledge from X-ray
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